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By C. B. Voldrich and E. T. Armstrong
SUMMARY

A series of tests were made for the purpose of establishing the
effects of several variables in welding technique on the fatigue strength
of arc—welded Joints in SAE 4130 seamless steel tubing. The variables
included type of electrode, speed of welding, current, position, amount
of preheat, and other factors which in turn controlled the wsld contour,
penetration, and depth of the heat-affected zone., A range of Joint design
was also Investigated.

Fatigue data showed that stress concentrations due to weld geometry
ware the predominating factors in determining endurance life for welds of
normally accseptable aircraft quality. Previous concepts relative to the
behavior of fillet and butt welds were confirmed, particularly in regard
to the superlority of tapered and concavs fillets and the deleterious
effects of intermal weld defects.

«|

TNTRODUCTTION

Although static-tenslon and bending-fatigue tests of metal-erc—welded
plate Joints, as described in reference 1, brought out some effects of
variations in welding technique on the strength of the Joints, it was
belisved that more Information could be obtalned from fatigue tests of
welded Jolnts in alrcraft tublng. With this view, a test specimen was
selected which was considered related to, though not typical of, tubular
alrcraft Joints and which lent itself to reversed—stress testing. This
gpecimen, an SAE 4130 steel tube of l—inch outside diameter welded
perpendicularly to a 1/8-inch SAL 4130 steel plate, was loaded as a rotating
cantilever beam to produce maximum alternating stresses at the circumfer—
ential fillet weld Joining the tube to the plats,
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In order to obtaln the desired varlations in welding techniqus, arc—
wolded tube—plate speclmens were made under a wlde verlety of welding con—
ditions with plaln—carbon—steel and alloy—steel electrodes, varlous
degrees of preheat, welding speed, current, position, and heat treatment
after welding. The initial fatigue tests, however, indicated quite
definitely that normal varlations in arc—swelding technique, which produced
specimens with varylng degrees of root penstration, fillet contour, weld-
metal strength (carbon—steel against alloy-steel electrodes), and specimen
strength (as-welded against heat—treated specimens), could not be analyzed
by the rotary-bending test. The reason for this was that the stress
condition at the toe of the circumferential fillet weld exerted a greater
effect on the fatigue strength than all the factors arising from welding
technique. With few exceptions, all fatigue fallures In the tube—plate
gpecimens occurred at the toe of the fillet weld (mostly in the tube and
occaslonally in the plate). Fallures in the weld as a result of porosity,
lack of root penetration, faulty fillet contour, and so forth, were very
rare and then only partially in the weld.

When the results of the inltial tube—plate tests were examined, the
fatligue data availlable were in the form of S-N tables and graphs in which
the stress was the nominal computed stress, at the toe of the fillet,
resulting from centilever loading. It was thought that the use of the
nominal—stress values was misleading, because it was evident that the
concentrated stress at the toe of the fillet was much higher than the
computed nominal atrs3s used for the S-N graphs. Since the actual stress
at the point of fallure could not be determined, 1t was decided that the
fatigue strength of the arc—welded specimens should be presented in
comparison with the fatigue strength of "ideal" specimens machined from
the solid. In thils way the use of the nomlnal stress could be avoided.

Further work on tube—plate specimens was discontinued, except for a
geries of tests on prestressed specimens and shot—peened speclmens,
Additional work was done to determine if any other form of welded tubular
Joint would be useful Iin determining the effects of weldlng technlque on
the fatigue strength.

This work was conducted at the Battelle Memorilal Imnstltute under the
sponsorship and with the financial assistance of the National Advisory
Cormittee for Aeronautlcs.

TESTS

The reworking of the fatlgue data on the arc—welded tube—plate
specimens, to Introduce the comparison factor of the ldeal machined
specimens, necessitates that some of the data be presented without regard
for chronological sequence. For clarity, the varlous groups of test
gspecimens are gumnarized as follows and later discussed in detall:

Serieg A: Tdeal tube—plate specimens machined from solid bar
to simulate the specimens of series B, D, E, F,
and G,
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Serleg B: Metal-erc—welded tube-plate specimens
(1— by 0.065—in., tubes, 1/8-in. plates).

Series C: Metal-erc—welded tube—plate speclmens
(1- by 0.095—in. tubes, 1/4—in. plates).

Serles D: Arc—welded, gas—welded, and brazed tube—plate
specimens, with various types of fillet.

Serles L: Metal—erc—weldsd tube—plate speclmens with
cilrcumferential notch.

Serles F: Metal-grc—welded tube-plate specimens
prestressed before fatigue test.

Series G: Metal-arc—relded tube—plate specimens
shot-peened before fatigue test.

Serles H: Metal-erc—welded tube—to—tube specimens.

PREPARATTON OF SPECIMENS

Materials and Equipment

The tublng, sheet, and plate used for all tube—plate and tube—to—
tube specimens were alrcraft quality SAT 4130 steel with properties as
given in table 1, The bar used for making the tube—plate specimens.
machined from the solid was SAE 4140 stesel with the chemical composition
shown In table 1,

The electrodes,‘welding rod, and brazlng wire used in the tests are
described in the following sectlions on the preparation of the geveral
serles of test specimens. The electrodes were chosen as representative
of those used in alrcraft production. All metal arc welding was done by
the direct—current method, using a motor—generator set of the type
commonly used for alrcraft welding. It had been decided that remote—
current—control devices (crater eliminators) were not to be used.

Series A: TIdeal Tube—Plate Specimens Machined from Solid Bar

For serles A, elght tube—plate specimens were machined from
2— by 2-inch SAE ﬁlho bar, ag shown in flgure 1. These spscimens were
1dentical In dimensions with metal-erc-welded speclimens made of 1— by
0.065—inch seamless tubing and 1/8—inch plate, except that the fillet was
fully concave and flnisghed smooth.
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The 2— by 2—inch bar was flrst rough forged down to about l%% inch

round, with an upset end about 4 inches I1n diameter and 1 Inch thick to ¥
provide for the flange. After rough machining to the approximate dimen-—

slons, the flanged tubes were normallzed, and then finish machlned, as

ghowvn in figure 2 (right-hand specimen). One tube—plate specimen was also
repared with a fully convex fillet for use in the tests of series D

fig. 2, left—hand specimen).

SAE 4140 steel was used for the 1deal specimen because no SAE 4130
gteel was available in sufficlently large size for the necessary forglng
and machining. The hardness of the normallzed machined specimens was
about 320 Vickers (a tensile strength of 150,000 psi, by conversion from
herdness). The average parent-metal hardness of the SAE 4130 tubing used
1n the welded specimens was mbout 250 Vickers (120,000 pei) in the
unaffected metal, and about 420 to 460 Vickers (195,000 to 215,000 psi)
for the heat—affected metal adjacent to welds (no heat treatment after
welding). Therefore, in the comparison of the fatigue strength of
machined to welded specimens, it should be kept in mind that the tensile
gtrength and inherent endurance limit of the most highly stressed metal
(adJacent to the fillet) was sometimes greater and sometimes less for
the welded than for the machined specimens, depending on the heat treat—
ment after welding. Thlse difference does not, however, invalidate the
comparison of the fatigue deta, since other factors, discussed later,
were found to have conslderably more effect on the fatlgue behavior.

Serlies B: Metal—Arc—Welded Tube—Plate Specimens

The specimens of series B were made from 1— by 0.065—inch SAE 4130
gesmless steel tubing and 1/8-inch SAE 4130 steel sheet, according to the
recommended design illustrated in figure 3.

The welding data for this series are given in table 2 and flgures 4
to 12, The three principal welding variables were type of electrode,
preheat, and heat treatment after welding. The specimens were welded
wlth the tube and plate held together in a positioning jig (fig. 13)
with the tube axls approximately 30° from the horlzontal. The assembly
was then rotated in the Jig at a speed which could be controlled by the
operator during welding. No tack welds were used. The weld was made in
the Plat (down-hand) position, in two semicircular increments, both welded
1n the mame direction. The resulting fillets were above average in con—
tour (flat to slightly convex), smoothness, and consistency in dimensions.
A typical specimen of the group, 568A, is shown in figure 1k.

Because of distortion during welding, it was found impracticable to
hold the tube sbsolutely perpendicular to the plate by means of the
alining spindle, and the specimens were welded with the outer end of the
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spindle free to move about 1/16 inch from the perpendicular axis. The
eccentriclty in the welded specimen was seldom more than 0.05 inch and
did not measurably affect the stresses 1nduced 1n rotary bending.

(see fig. 15.)

In preliminary welding trials, the tube—plate assembly was placed
in the Jig without insulating the plate from the steel chuck with an
asbestos pad. It was found that under this condition the 1/8—inch sheet
often cracked under the fillet weld. The cracking could be eliminated .
in one of three ways: (1) preheating the plate to about 200° F,

(2) insulating the plate from the chuck with asbestos, or (3) using
another heat of 1/8-inch SAE 4130 steel (no preheat or insulation
required). In the preparation of all specimens for this investigation,
the second method, insulation with asbestos, was used.

Prior to the rotary-bending tests, a representative spescimen from
each group in serles B was X—rayed to show the quallty of the weld.
These radlographs are discussed in the section on fatligue tests. Other
radlographs were also made through the tube at the weld to dleclose
possible cracks adjJacent to the fillet; no cracks were found.

Before fatigue testing, all specimens were pressure tested at
an alr preasure of 100 psl and were then Magnafluxed. Aside from a few
pinhole lesaks, which ususlly occurred at the start of the second
semlclircular fillet, no defects were found.

Series C: Metal-Arc—Welded Tube—-Plate Specimena

The specimens of series C were made In the same way as thoge of
serles B, except that 1— by 0,095-inch SAE 4130 seamless steel tubing
and 1/b—inch SAE 4130 steel plate were used. The welds were also made
wlth a greater variety of weldlng electrodes, whlch was the principal
variable for thls serles.

With these thicknesses of tublng and plate, it was nsecessary to
use electrodes of larger dlameter (1/8 inch) then for series B, and con—
gequently the series C fillet welds were larger, averaging about 7/32 inch,
with a flat to moderately convex face. Detalled welding data are gliven
in table 3.

No radlographs were made of the series C specimens, but all were
pressure tested and Magnafluxed prior to the rotary-bending test.
Serles D: Welded, Brazed, and Machined Tube—Plate Specimens

The early rotary-bending test data on the metal-erc—welded tube—
plate speclmens of serles B and C Indicated that the geocmetry of the
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f£11let weld had a significant influence on the fatlgue strength. In order
to check this, the tube-plate specimens of serles D were made with various
fillet contours, and further variables were introduced to determine the
effect of fillet material and heat treatment after welding. The principal
variables were as follows:

1. Metal-arc~welded specimens
a., Small filllet
b. Medium—size flllet
gl) No heat treatment
2) Annealed
53) Flame goftened
L) Normalilzed
c. Large fillet
1) Single layer
2) Two layer
3) Three layer
4) Four layer (combination arc and gas weld)
d. TFillets made with 25 Cr — 20 N1 electrodes
e. Tillets wilth face ranging from fully concave to
fully convex (see fig. 1k)

2, Oxyacetylene welded specimens

a, Medium—size flllet

b. Large fillet (three—layer)
3. Brazed specimens

a, Medium-size concave fillet

b. Large concave flllet

4., Arc—welded specimens with l-inch solid round bar in lieu
of tube

5, Specimens machined from solid forglngs, with convex and
concave fillets (see fig. 2)

6. Arc-welded specimens with machined fillets

a. Fillet machlned fully concave
b. Tillet machined concave at toe (tube)

7. Plate-tube—plate metal-arc~welded gpecimens for axlal—
tension—compression and axial-repeated—tension tests.
(These were simllar in every respect to the tube-plate
gpecimens, except that they had a plate welded at each
end of the tube to facilitate gripping in the axial fatigue
machine. ) _

The welding data for the series D specimens are given in table U4,
and data on the type of fillet are ghown in flgure 16.
Series E: Notched Tube-Plate Specimens

Tn order to obtain a quantitative indicatlon of the degree of stress
concentration existing &t the toe of fillet-welded tube—plate specimens,

[
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a group of eight rotary—bending specimens was made with a clrcumferential

" notch cut into the tube adJjacent to the flllet weld, as shown In

figure 17. Three specimens were also made with an austenitic—stesl metal
arc weld Instead of the tapered gas weld used 1n the other elght speci-
mens. Welding data for the notched speclmens are given in table 5.

Series F: Metal-Arc-Welded Tube—~Plate Specimens for Prestress Tests

In order to check the possible beneflclal effect of prestressing on
the fatigue strength of arc—welded tube—plate specimens, that 1s, the
effect of mechanicel stress rellef at the toe of the fillet weld, a series
of specimens was made as shown in figure 18. The welding procedure for
these was gimilar to that used for the serles B specimens, as indicated
by the weldlng date 1n table 5.

Three groups of slx speclmens were prepered. The first group was
tested in the as—wrelded conditlon. The second group was prestressed
after welding, by loading each specimen in axlal statlic temnsion beyond
the yleld point (approx. 85,000 to 90,000 psi). The third group was
furnace ennealed at 1600° F after welding, then prestressed in axial
static tension beyond the yield point (approx. 45,000 to 50,000 psi).

It should be noted that the finished specimens for the rotary—bending
test (after they had been prestressed, and one tube and its weld machined
off) included the fillet which was deposited last. This was done in order
to obtain specimens as similar as possible to the standerd tube—plats
specimen, wlth no heat effects from the opposite weld.

Series G: Metal—-Arc—Welded Tube~Plate Specimens for Shot-Peening Tests

For series G a group of metal-erc-welded tube—plate specimens was
prepared, simllar to those used In series B, in which a part of the
group was subjected to a shot—peening treatment before the rotary-bending
test. The remainder of the group was tested in the as—welded conditlon
for comparison. The welding data for serles G are glven in table 5, and
typlcal specimens before and after shot-peening are shown in figure 19.

The shot-peening wvas done at the General Motors Corporation Research
Laboratorles, by arrangsment with Mr. J. O. Almen. The welded specimens
(no heat treatment after welding) were peened in a high—intensity stream
of small shot (0.016 to 0.019—in. diam.g. Small shot was chosen so that
the peening action would reach the bottom of each ripple and depression
in the fillet weld. The intenslty of peenlng was such as to glve
0.012—inch arc height on the standard General Motors shot—peenlng test
gtrip. Uniform peening of the weld was obtained by mounting the specimen
on a rotating table., The remaining areas were peened by hand.



8 NACA TN No. 1262

Series H: Metal—-Arc—Welded Tube—to—Tube Specimens

Six tubular welded specimens were made from 1— by 0.065—inch SAE 4130
geamless gteel tubing as shown In figures 20 and 21 for reversed—stress
testing. The purpose of this test of serles H was to investigate the
possibility that welded tubular Joints would be less susceptible to stress—
concentration effects than the tube—plate Jolnt previously investigated.

The Joints were welded with the sequence shown in figure 20, and
with other welding conditions as shown in table 5. The specimens were
Magnafluxed after welding, and no cracks were detected.

FATIGUE~TEST METHODS

Rotary—Bending Test

The tube—plate specimens of serles A, B, C, D, E, ¥, and G were
tested in the rotary-bending machine shown in figure 22, The plate,

previously machlined from a h— by U4—inch square to 3%% inches in dlameter,

was gripped in the chuck, with the specimen so centered as to give zero
run—out at point A in figure 15. In this way the posslbility of unequal
stress distribution owing to specimen eccentricity was avoided. .

The load was obtained by tightening the calibrated spring to the
desired amount (measured by spring deflection). The speed of the testing
machine was 2400 rpm, which gave 2400 cycles per minute of completely
reversed stress. The machine was stopped automatically by a 1limit switch
if the speclmen broke or if the deflection of the tube exceeded a
predetermined amount.

Axial Tension—Compression Test

The plate—tube—plate specimens of serles D were loaded in an axlal-
tension—compression fatigue testing machine. The end plates were gripped

in chucks welded to 12—inch lengths of 1%—1nch tubing, which in turn

were held in the grips of the testing machine. This gave the degree of
flex1bility necessary to obtain uniform stress distribution. The load
wag spplied at a rate of 1200 cycles per minute.

A gimilar arrangement was used for repeated—tension test of plate—
tube—plate specimens.

A
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Reversed—Bending Teat

Reversed—bending tests of the tubular "pil" specimens of series H
were made in a plate—bending machins. One end of one 18-inch member was
fixed, and the corresponding end of the other 18-Inch member was attached
to the reciprocating crank srm of the testing machine as shown in figure 23.
The stress In the specl-3n was computed from the deflection of the loaded
end. A representative speclimen had previously been loaded in a static—
tenslon machine to get the loads correaponding to glven deflectlons. Also,
the first specimen tested In the plate—bending machine was equipped with
SR electricel straln gages, and the maximm dynamic stresses in the
long tubes, adjJacent to the welds, were measured. The measured stresses
corresponded within 5 percent of those computed from the deflection
readings. :

RESULTS OF TESTS

Serles A: TIdeal Tube—Plate Speclmens Machlned from Solid Bar

The results of rotary—bending tests on the machined tube—plate
specimens with concave fillet are given Iln table 6 and plotted in figure 2k,
The graph In this flgure 18 an 5 curve, In which the stress shown 1s the
nominal maxlmum stress In the tube at the toe of the concave fillet, com—
puted frem the equation

S=&
Z
where
S nominal maximm stress, psi
P concentrated load at end of tube, pounds
x distence from load to toe of concave flllet, inches
7  section modulus of the 1— by 0.065—inch tube

Method of Computing Stress Ratlos for Welded Speclmens

The data for the specimens of serles A could have been plotted on a
load—cycle scale. However, the stress—cycle scale was chosen for the
baslc graph because it was deslred to compare all other tube-plate fatigue
data with the bagic graph. Since the section moduli of the welded
specimens varied with the size of tube, all load data wers first converted
into nominal-stress values, and these were compared with the stress values
for the 1deal machined specimens.
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Tho method used to convert the computed stress values into stress
ratios is glven in figure 25. These stress ratios were then used in all
subssquent graphs to show the fatlgue strength of welded tube-plate
specimens in comparison with the fatigue strength of the 1ldeal specimen.

Iine ABg' in flgure 25 1s the SN curve obtalned from rotary—bending
teste of the baslc machined specimens (fig. 24). On this graph was
superimposed each group of rotary-bending SN data for welded tube—plate
gpecimens, and those stress values on the base line ABg' were teken which
correspond to the 1ife of the Individual welded specimens. For each cycle
intercept, the streas in the welded specimen was compared with the stress
in the ideal specimen at the same number of cycles. For example, 1f at
34,500 cycles the nominal stress in the welded specimen was the same as
the stress in the ideal specimen (points 4 and d'), the stress ratio for

that welded specimen was %7 = 1.0, This value was then plotted agalnst

the number of cycles (34,500) on a separate graph for the particular seriles
of welded specimens. Again, 1if at 387,900 cycles the nominal stress In
the welded speclmen was 5,700 psi (point f), the corresponding stress in
the 1deal specimen was 16,000 psi (point f'3, and the stress ratio for the

wolded specimen was £ - 0.36, which was then plotted on the separate
£
graph against 387,900, the number of cycles.

In order to permit accurate computation of the stress ratios, the
graph actually used was much larger, with a closer coordinate scale than
indicated in the schematic graph, figure 25.

The load—cycle curve plotted using the stress ratlios computed Iin
figure 25 18 given in figure 26, which 1s dlscussed In the next sectlon.
A1l subsequent load—cycle graphs were plotted similarly. It should be
kept in mind that the load—cycle graphs are not S curves, and that
thelr value lies principally in comparing one load—cycle greph with
another. On the load—cycle graphs the points for the 1deal specimsns
would all fall on the horlzontel ordinate 1.0.

Series E: Notched Tube—Plate Speclimens

The rotery-bending tests of serles B and C, discussed later, indicated
that for the type of specimen and loading involved, a streas concentration
occurs at the toe of the fillet of such magnitude that the effects of
other factors, such as weld smoothness, penetration, extent of heat-
affected zone, and the like, are obscured. In order to determlne the
approximate degree of magnitude of the stress concentratlon, a rotary-
bending test was made of tube—plate specimens which had a notch cut
circumferentially in the tube, at a section 3/4 inch away from the plate
gurface (fig. 17). The relative 1life of the notched specimens, with
nominal stresses in the notched section comparable with those used in the
geries B and C tests, would indicate the severity of the stress con-
centration at the fillet weld.



NACA TN No., 1262 11

The details for all notched speclmens tested are given in figure 26,
which also shows the fatigue strsngth expressed as a ratio of the strength
of the notched speclmens to that of 1deal machined specimens. It is
emphasized that the ratios glven in figure 26 are for stresses in the
reduced tube sectlion at the notch., At the toe of the flllet the bending
moment 1s higher, but the area of the tube mection is about double that
at the notch so, for a given load, the unit stress at the fillet 1s about
L0 percent less than at the notch.

The test indicated by point (1) in figure 26 should be noted, in which
the notched specimen falled at the toe of the filllet (3,792,000 cycles at
0.65 fatigue ratio) sven though the computed stress at the notch was
obviously higher. Thils would indicate that the endurance 1limit for the
section at the toe of the fillet was lower than for the notched section.

A photograph of thile specimen 1s shown in figure 27.

The solid line mm 1n figure 26 represents the approximate curve
of strength ratio against cycles for the specimens with a 0.030—Inch
notch:. This curve has been superimposed on all subsequent rotary—bending—
test graphs, as a broken line deslgnated mn. It is useful in the graphs
as a datum line, to faclilitate comparison of various sets of values and
also to Indicate the level of fatigue strength of the welded specimens
in comparlison with notched specimens. d

Series B: Metal—Arc-Welded Tube-Plate Specimens
(1- by 0.065-In. Tube, 1/8-In. Plate)

The rotary—bending test data for the several groups of specimens
in series B are summarized in figure 28. Detalled data for the several
groups are also glven in table 7 and figures 4 to 12.

It will be remembered that the welded speclimens of serles B were
In nine groups, the principal varlables being type of electrode, preheat,
end heat treatment after welding. The originel plan had been to compare
the fatigue data for the varlous groups, to study the Influence of the
principal variebles, and then to extend the tests to include other
welding-technique factors. It developed, however, that regardless of the
woelding varlables, practically all the speclmens failed in the tube at
the toe of the fillet weld, and the 1ife at varlous loads did not reflect
any particular sffect of welding technlque. This can be seen from a
study of the 1ndividual graphs for fatligue tests of varlous groups of
tube-plate specimens in series B (figs. 4 to 12) and of the summary
graph (fig. 28).

The consistent failure at the toe of the fillet weld (characteristic
fracture shown in fig. 27) was not entirely unexpected, since all the
f1l1let welds in series B were of a quallty representing good welding
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technique and since 1t had been recognized that a stress concentration at
the toe of the fillet would ceuse a stress 1n the tube conslderably
higher then the computed, or nominal stress. (see table 7). No fallures
occurred in the weld which might be assoclated wlth either of the two
craters or starting points In each clrcumferential fillet weld.

Tt had not been anticipated that the 1ife of the speclmens, at the
various loads used, would be so short or that the specimens would faill
at guch low loads, After the firast few groups had been tested, a
representative unbroken speclmen from these groups and one from each of
the yet untested groups were radiographed through the tube, and then
gectioned for macroscoplic and microscoplc inspectlon. This procedure was
made to check the possible existence of minute cracke which might be
regpongible for the low fatigue strength and consistent locallzation of
fallure; however, no such cracks were found. Previous Magnaflux and
air—pressure teste also had not disclosed any cracks or gimllar defects.

Two sets of radlographs through the weld and plate of serles B
gpecimens are shown in figures 29 and 30. These indicate that the welds
were of good quality, with no discernlble crater defects. The welds made
with plain—carbon—steel electrodes (fig. 29) show some lack of root
penetration, but this had no influence on the fatigue strength of the
gpeclumens,

The broad conclusions that may be drawn from the results of the
rotary-bending tests of the serles B specimens are:

(1) The long~time (1,000,000—cycle) fatigue strength of the welded
specimens was about one-fourth to one—half that of the 1ldeal

machined speclmens.

(2) The short—time (10,000- to 50,000—cycle) fatlgue strength was
about equal to that of the ideal gpeclmens.

(3) The fatigue strength of the welded specimens was less than that
of gimllar specimens with a 0.030-inch circumferential notch in
the tube, except at very high loads causing early fallure.

(4) Varisbles such as type of electrode, preheat, heat treatment,
and degree of root penetration (within the limits indicated in
fig. 29) had no appreciable effect on the fatigue strength of
the welded specimens.

(5) The results indicate quite definltely that most of the ordinary
effects of welding technique were obscured by the stress con—
centration at the toe of the fillet weld. Thle was further
confirmed by spot checks on trlal specimens with extremely poor
welds, for example, no fuslon to portions of the tube, and
unsatlsfactory lumps and craters. Most of these specimens also
failed in the tube at the toe of the flllet weld, rather than in
the substandard weld.

™
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Series C: Metal—Arc—+Welded Tube—Plate Speclimens
(1- by 0.095—In. Tube, 1/4—In. Plate)

Since practically all the fallures in the series B speclimens were In
the 0,065—1nch tube, it was declded to strengthen the tube by Increasing
ite wall thickness and thus put more stress into, and induce fracture ln,
the fillet weld. The specimens of serles C were made with 1— by 0.095—inch
tubing, and the plate thickness was increased from 1/8 to 1/4 inch. With
these thicknesses of plate and tubing, 1t was also necessary to use an
electrode of larger diameter, and the resulting flllets were about
7/32 inch in size (as compared with 5/32 inch for series B).

In addition to data on the effect of increased plate and tube

- thickness, the tests of series C were designed also to give Information

on the influence of 10 various types of electrode on fatigue strength.
The test results are given in table 8 and the summary graph, figure 31.
No attempt was made to plot & separate graph for each electrode used,
gince it was evident that the type of electrode used had no influence on
the fatigue strength.

Although the fillet welds 1In serles C were larger than those in
gerlies B, it had been expected that at least a few specimens with the
thicker tube would fail in the weld. However, the location of faillure
was, a8 before, in the tube at the toe of the fillet weld. There was,
nevertheless, a slgnificant difference between the fatigus strength of
series B and serles C., This can be seen by a comparison of the graphs,
flgures 28 and 31, and is further illustrated by the zons dlagram,
figure 32. The life of the specimens of series C was consistently
longer for a given load than that of the specimens of series B with the

‘thinner tubes. The endurance limit for series C is also somewhat greater,

but the data in this load reglon are insufficient in jquantity and
congletency for accurate analysls of the relatlve endurance limits.

Serles D: Welded, Brazed, and Machined Tube—Plate Specimens

The tests of welded tube—plate specimens of series B and C Indlcated
that while the effects of the weliing technlques usged, that 1s, root
penetration, type of weld metal, preheat, and heat treatment after
welding, had no Influence on the fatigue strength and location of failure,
there was a glze or gesometry effect. In order to check thls, the tube-
plate specimens of serles D ware made., These iIncluded speclmens with
fillets of various size and contour, made by the metal-erc, oxyacetylene—
welding, and oxyacetylene—brazing methods. The varlables have been
previously described in the section PREPARATION OF SPECIMENS, and are
tabulated and 1llustrated in figure 15. Most of the specimens were tested
in rotary bending, but a few speclmens were also tested 1n axlal tension
and compression and repeated tsnslon to check the possglble difference in
fatigue strength that might be obtalned with axlal instead of bending
loading.
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A1l the testse tabulated in figure 16 were made at loads whilch
would produce about the same nominal tube stress (that is, 21,000 to
26,000 psi), The graph in figure 16 compares the respectlve 1life of all
gpecimens at that nominal stress. The one exception was test LT2H on
tube—bar specimens, in which the load was the same as for 1— by 0.065—inch
tube specimens, with a correspondingly lower nominal stress. For
information, the computed stresses are given in table 9. Thils table aleo
glves data for the repeated-tension tests, which could not be plotted In
direct comperison with the other tests because of the difference in the
mean stress.

None of the tests 1n series D gave a true indlcation of the strength
of the weld or fillet itself, but the results indicate quite clearly the
effect of various types of flllet on the strength of the adjacent tube
section. Specimens with long tapered fillets %zests 480D and 507), and
with fully concave fillets (tests 524, 480C2, and 480E) were among the
gtrongest in rotary bending. Specimens with Plat or convex fillets had
a ghorter 1ife. Size of fillet alone spparently was not a factor in
determining the fatigue 1life of the Joint, although there is a slight
indication that the lerge fillets were better than the small ones.

Heat treatment or stress relief was apparently less influentlial than
the degree of stress concentration resulting from weld geometry.
Annealed (test 483) and flame—softened (test 4BOA) specimens were no
gtronger than normalized specimens (test 472G) or the as-welded or
normalized specimens of serles B. Thls would indicate that the stress—
concentraetion effect was not appreciably reduced by softening or stress
relieving of the tube at the toe of the £illet weld.

Test 472H, in which a solid bar was substituted for the tube, was
made to determine whether, with a sectlion of maximm strength adJacent
to the weld fillet, fallure could be Induced in the weld. The two bar
gpecimens were tested with the same loed as the 0,065-inch tube specimens,
and thus the stress in the weld and the plate were approximately the same
as in the standard specimen, although the stress in the solid bar wes very
low (see table 9). Both bar specimens falled in the plate at the toe of
the fillet, indicating that a secondary stress concentration exleted at
thet point. It 1s possible that by increasing the thickness of the plate,
and using a solid bar or a very thick tube, fallure in the welded fillet
could be induced; this, however, entails such marked changes In welding
technique, heat effects, degree of penetration, and other factors that
guch a specimen would only remotely represent conditions found in tubular
alrcraft Joints. Tests of such specimens were therefore not considered.

Another indication that the strength of the fillet material is of
gecondary lmportance was obtalned from speclmens of tests L8OFF and
L80E, which were made with the concave brazed fillets. The 1life of these
gpecimens was remarkably long. The small-brazed—fillet specimen failed
in the bond between Pillet and plate at about 100,000 cycles, which 1s

L]
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equlvalent to the best single—layer arc-welded concave flillet and better
than normal arc— or gas—welded fillets. The large—concave—brazed—fillet
gpecimen falled after about 500,000 cycles, which 1s equivalent to the
tapered fillets made by both arc— and gas—welding methods. It has been
suggested that the long life of the brazed speclmens 1s the result of

(1) the smooth, concave contour, (2) the absolute freedom of undercutting,
and (3) the relatively low modulus of elasticity of the brazing metal.

All three factors concelvably reduce the stress concentration at the toe
of the fillet.

Two "artificial" tube—plate specimsns, machined from solid forgings
(see fig. 2), were made for test in series D, These were in addition to
the concave—f11let machined specimens of serles A. The artificial
gpecimen with convex fillet, test 480C1, falled at about the seme life as
the concave—fillet specimen of series A tested at the seme load. The
artificial specimen with the concave fillet, test 480C2, falled at a much
longer 1ife than simllar serles A specimens. The reagon for this could
not be determined, but 1t 1s probably the result of better surface finilsh
and fillet contour in the specimen of test 480C2, as compared with the
other concave—f1llet machined specimens.

Tt 1s interesting to note that the specimen of test 472D, with a
single arc-welded flllet and a three—layer ges—welded overlay, failed at
the rather sharp angle between arc and gas weld. Although the net cross
section at this poilnt was at least twice that of the 0,065—inch tube, the
stress concentration at the weld Junctlion was sufficient to cause fallure.

Teats of arc—welded speclimens with the fillets machined concave, or
machined at the root to remove possible sharp undercutting (tests X and Y),
provided no aignificent data, :

Tests of plate—tube—plate specimens in axial tenasion and compression
were made with approximately the same maximm stress, In tension and
compression, as that which occurred 1n the rotary-bending tests of other
specimens in serles D. Two such specimens were tested (test 479A) and

. falled in the tube at the toe of the arc-welded fillet at 9,900 and

16,700 cycles., These data are plotted in figure 16 and show that the life
of the axial—tenslon—compression specimens was no longer than the 1life of
rotary—bending specimens made with the same gize of tublng, plate, and
fillet weld. Tt may be assumed, therefore, that the stress—concentration
factor is of the same order for both types of specimen and methode of
loading. TPhotographs of the fractures in the axlsl-tenslon—compression
specimens are shown in figures 33 and 3k4.

Tests were also made of two plate—tube—plate specimens in axial
repeated tension. These specimens (test 479B) were stressed to the same
maximm tension as the rotary-bending specimens and the axial-—tension—
compresslion speclmens, but the minlmm load was a tenaion of about
1,000 psi. The stress range for these specimens was therefore only half
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that of the first two types, as indicated in table 9. By halving the
stress range, the 1life of the speclmens was Increased from about

13,000 cycles to about 9k,000 cycles. This 1life, however, was still below
that of the notched tube specimens of series E at a comparable range of
stress, and approximately equal to that of specimens In series B, which
were welded in exactly the same way. These specimens falled in the plate
at the toe of the fillet weld, as shown in figure 35.

Figure 36 shows the data from series D In conjunction with the
reference curve Por notched tube—plate specimens, end the lower—limit
1lines for the rotary-bending tests of series B and C, In thls figure, the
results of axiael-tension-compression tests are also shown.

Series F: Metal-Arc—Welded Tube—Plate Specimens for Prestress Tests

In the early work with welded tube—plate specimens two specimens were
made simlilar in every respect to the specimens of serles B, except that
the tubes wers welded to both sides of the plate in order that the
specimens might be tested in axial tenslon and the static—tenslon gtrengt’
of the fillet—srelded joint determined. The ultimate tensile strength of
the as—welded specimens was 105,800 and 112,000 psi, which is about
equivalent to the strength of 1- by 0.065-inch SAE 4130 tubes with a
square welded butt Joint. The first specimen failed in the tube at the
toe of the fillet and the second in the tube 3 inches away from the fillet.

Mege results indlcated that while a stress concentration no doubt
existed at the toe of the flllet at the start of static—tenslon loading,
1t was reduced by local yielding of the weld metal (because the weld metal
is softer than the adjacent heat—effected zone) during the first stages of
loading, and consequently the tensile strength was not noticeably affected.

Tt was sugzested that a mechanical stress rellef, or reductlon of
local residual stresses, at the toe of the fillet weld in rotary—bending
specimens might increase their fatigue 1life. A serles of speclimens was
therefore prepared as shown in figure 18, which were loaded in axlal
gtatic tenslon beyond the yleld point of the tubing to obtaln the same
effect at the toe of the f1llet weld that was obtained in the statlc—tension
test. The prestressed specimens were in two groups: prestressed In the
as—welded conditlon and prestressed after annealing. An additional set of
gpecimens was tested in the as-welded, unstressed conditlon.

The results of the tests are given in table 11 and plotted In
figure 37. This graph indlcates that prestressing had no effect on the
fatigue strength of as-welded specimens and that the annealed prestressed
specimens (annealed so as to reduce the hardness in the heat—eaffected
zone and thus obtaln plastic flow) had a significently lower fatigue
strength than the as-welded specimens. All specimens falled in the tube
at the toe of the flllet weld.

L
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It 1s evldent that the stress concentration at the toe of the fillet
weld 1s not influenced by local residual stresses which may be readjusted
or elimlnated by plastic flow durlng prestressing in axlal tension.
Rather, the stress concentration seems to be principally a geometrical
effect which 1s much stronger then other factors Involved. (See, for
example, the tests of series D.)

The fact that the amnealed prestressed specimens had a much lower
Patigue strength does not conflict with previous statements that heat
treatment after welding had little effect on the rotary—bending fatigue
strength of tube-plate specimens. The annealed prestressed specimens had
a very low yleld strength, the tensile strength was undoubtedly low, and
possibly the wall thickness of the tubes was reduced during prestressing,
all of which would contribute to the lowered fatlgue strength.

In the previous tests of serles B and D, the heat treatment was,
with one exception, a quench—end—draw, stress-rellef, normalizing treat—
ment or a manusl flame—softening treatment, and in all these cases the
fatigue strength seemed to be less affected by the heat treatment than by
the geometry of the weld section.

-

Serles G: Metal-Arc—Welded Tube—Plate Speclmens for Shot—Peening Tests

A group of tube—plate specimens was welded, similar to those of
series B, and sent to the General Motors Corporatlion Research Leboratorles
for shot—peening treatment. (Detalls are glven in sectlion PREPARATION OF
SPECIMENS.) The purpose of this experiment was to investigate the effect
of shot-peening in (a) relieving residual surface stresses in and adJjacent
to the welded zone and (b) setting up surface compression stresses which
would raise the fatigue strength of the speclmens.

In eddition to the 18 specimens which were shot-peened, 6 were tested
In the as—welded conditlon for comparison., The results of rotary—bending
tests on all specimens are glven In table 12 and are plotted in figure 38.
By reference to the graph, it can be seen that the lower limit of the
fatigue—strength zone for the shot—peensed speclimens colncldes with the
curve for the unpeensd control specimens. The fatigue strength of the
shot—peened speclmens was also hlgher than the average for specimens of
serles B (similar in dimensions and welding technique, but not shot-peened ).
Also, slx of the shot—peened speclmens had fatigue strengths above that
of the notched specimens (line mn, fig. 38). This is an improvement over
the results of previous tests, In which the fatigue strength of arc—welded
tube—plate speclmens was rarely higher than the datum line mm.

It ig interesting that the polnts for the peened specimens fall on two
geparate lines: the lower which colncides with that for the unwelded
control specimens and indicates no improvemsnt with shot-peening; and the
upper, which indicates a marked improvement. It 1s possible that the
ghot-peening treatment may not have been uniform for all spscimens, or
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that those on the lower line had toe—of-sreld stress—ralsers of a character
or magnitude which were not reduced by the peening treatment used.

Regardless of the treatment used, all speclmens failed in the tube at
the toe of the fillet weld. This indicates that the stress concentration
resulting from the gecmetry of the weld sectlon was still the primary
factor influencing fatigue strength.

While more test data would be deslrable, it may be concluded that
the shot—peening treatment produced a noticeable lmprovement 1n the
Patigue strength, although not to the degree necessary to cause occaslicnal
fallure in the weld. The specimens still had an appreciably lower
fatigue strength than the ideal specimens (for example, about three—fourth
strength at 1,000,000 cycles, for the best shot-peened specimens).

Series H: Metal-Ar¢c—Welded Tube-~to~Tube Specimens

As a part of the investigation of varlous types of treatment and
gpecimen design to find a test specimen which could be used for a study
of the effects of welding techniques, the tubular pl specimens were tested.
(See figs. 20 and 21.)

The fatigue test was & reversed—bending test, in which the maximum
stress was obtalned in the tubes adjacent to the weld. The results of
tests of five specimens are glven in table 13. All the specimens falled
in the tube at the toe of the weld as shown In figure 39.

At a computed maximm stress of 10,000 psi the 1life of the three
pl specimens for which cycle data are avallable was somewhat higher
(138,000 to 369,000 cycles) than for similarly welded tube—plate epecimens
(65,000 to 154,000 cycles). Too much significance camnot be attached to
this difference in the mumber of cycles to failure, because the number of
specimens in each group is small. Nevertheless, 1t can be expected that
the fatigue strength of the tube—to—tube specimens wlll be higher,
because (1) the maximm stress in the pl specimens occurred only on two
dlametrically opposed surfacesg, and (2) the toe of the weld in the
pl specimens d1d not 1lie in a plane perpendlicular to the axis of the tube,
as 1n the tube—plate specimens. For these reasons, the stress—concentratlon
effect in the pl specimens may not be so great.

The results indicated, however, that the pl specimen would not be
sultable for tests of the effects of weldlng technlque, because even with
the more favoreble characteristics of the tube—to—tube Joint, the principal
influence on fatligue strength was still the stress concentration at the
toe of the flllet weld.

"
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DISCUSSION OF RESULTS
Effect of Stress Concentration

The severity of the stress concentration induced by the geomstry
of the fillet welds ls modifled by gradual transitions of the fillet to
the tube section. This has been demongtrated by the improvement in fatigue
1ife of multiple—layer and concave fillets, compared with normal fillet—
weld contour. The stress concentratlion ls measurably reduced when tube—
to—tube comnectlions are used Instead of the tube—plate specimen. Reference
to published experimental data shows that vaeriations In stress concentration
may also be ovserved as the plane of loading 18 varied with tube—to-tube
connections. (See references 2 and 3.) Thls has the effect of changing
the Joint geometry from the fillet—wslded type to a saddle or butt—jJoint
type, and the Increase in fatigue life is not unexpected.

It is believed that in thin—wall sections the weld—Joint zeomstry
alone produces an unusually high stress concentration, and that other
Pactors (surface roughness, decarburization, etc.) contribute to the
reduction in fatigue strength.

Effect of Thickness of Section

It 18 evident from the difference in the position of the scatter
bands shown in figure 32 that the size of the weld and thickmess of tubing
is of some ilmportance In affecting the fatigue strength of the fillet—
welded Joints. While the ratio of fillet size to tube thicknsss was about
the same for both series B and series C speclmens, the latter, with larger
fillets and thicker tubes, had the higher fatigue strength. This suggests
that the effect of the dlscontinulty in the wall of the tube caused by the
presence of the flllet becomes Increasingly seriocus as the tube wall
thickness decreases. However, varlations In the size of the fillet, within
reagonable limits, seem to exert only slight effects on the fatigue proper—
ties of the Joints.

Effect of Prestressing

The rotary—bending tests of tenslon-prestressed specimens indicated
that this treatment, which may have removed residual stresses at the
Joint, was not effectlve in improving the fatigue strength. It could be
inferred, therefore, that the geometry of the joint, rather than the
presence of local residual stresses, was the governing factor in the
fatigue behavior of the Joint.

On the other hand, local prestressing by shot-peening ssemed to
work some lmprovement in fatligue strength. Whether this improvement is
attributable to the effect of compressive stress or the effect of cold-



20 NACA TN No. 1262

working of the surface 1s not entirely clear. It seems probable that thé
reduction in the maximum effective tensile stress owing to the induced
compressive stress is the principal cause of increased fatigue 1life.

Effect of Surface Decarburization

No tests were made to show the effect on fatigue strength of the
decarburized surface which 1s normally found In commercial SAE 43130 tubing
and sheet. Recent tests at Battelle Institute of flash-welded SAE 4130
gteel sheet have shown thet decarburization is a factor of conslderable
importance as far as fatligue behavior 1s concerned.

The microsections made of representative welded tube—plate specimens
indicated that both tubing and plate had the usual degree of surface
dacarburization, although in the heat-effected zone where fatigue fallure
occurred, it was not so readily discernibvle as In the unaffected steel.
Tt is quite probable that the decarburized surface, with its attendant
lower tensile strength and fatigue properties, contributed to the low
fatigue strength observed in the tube—plate and tube—to-tube specimens.

Effect of Modulus of Elasticity

The effect of the modulus of elasticity of the materlal in the fillets
is to diminish the apparent streas concentration as the modulus of the
deposited material is reduced. Thls effect became markedly evident with
brazed comnections, although the smooth contours of the brazed £111sts also
contributed to a reduction in the stress concentratlon.

The actual mechanism by which this action occurs 1s probably one of
plastic flow during the fatlgue test, and consequent redlstribution of
gtresses at the toe of the fillets, such that the stress gradlent is
smoothed and the peak stresses reduced.

General Remarks

Tt was not the object of these tests to evaluate the fatigue strength
and endurance limit of arc-welded Joints in alrcraft tublng, but rather
to make use of repeated—stress tests to compare welds with different
contours, more or less psnetration, and greater or lesser heat effect on
the parent metal, and thus to determine the degree in which these factors
are governed by the type of electrode, speed of welding, current, positlon,
preheat, and other related conditioms.

The plan of attack was to determine an approximate S—N curve for
Joints welded under normal or optlmum conditions, and to use these data
as 8 bage line for tests of joints made under sbnormal welding conditlons
which would produce overlapped and undercut fillets, poor root penstration,
incomplete fusion, porosity, and excessive heat effects.
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The results of the repeated—stress tests, have, however, pointed in
a different direction from welding technique. In every test the effect
of streas concentration adjacent to the weld was far greater than the
sffects of inadequate fusion, penetration, parent-metal hardening, or
normal heat treatment after welding. It would appear that Joints made
wlth reasonable varlations 1n welding technique have equivalent structural
Integrity even 1if the weld 1s of the lowest acceptable quality. The
Importance of heat effects, adequate fusion, and well soundneas ig not
minimized, slnce these qualities must be obtalned to a definite degree.
Howsver, if the service conditions for a welded Joint such as a tubular
cluster demand a conslderatlion of repeated stresses, the governing factor
In the strength of the Joint seems to be the stress concentration caused
by the weld—Joint geometry, rather than the 1intermal characteristics of
the weld itself.

The tests in thils Investigation have provided data which confirm
gome of the concepts relative to the behavior of fillet and butt welds,
for example, the supsriority of tapered and concave flllets and the
deleterious effects of internal weld defects. (See reference 1.) The
nmost slgnificant result has besn to show that the stress concentrations
caused by normal flat and convex fillets in tubular sections are higher,
and exert a greater Influence on the strength of welded thin-smll sections,
than is generally accepted.

The problem of stress concentration has long been dealt wlth in the
design of machined and cast structures and has also been considered
In welded assemblies. In most weldments, however, the component parts
are relatively thick, and the welds form elther a small proportion of the
entire mass or are large enough to form an Integral, flowing sectlon of
the assembly. If a tubular alrcraft assembly is scaled up to the propor—
tions of an ordinary weldment, 1t 1s evident that the welds do not scale
up In the same proportion. It would be considered bad practice to Jjoin
two 1/k—inch plates with a 3/b—inch fillet which had & 3/4—inch throat,
yot, In miniature, this 1is the type of weld Joint that 1s regularly
obtained 1n 1/15—inch aircraft tubing.

There are no apparent ways of accounting for this scale factor by
radical changes In Joint design and fusion—welding technique, and it 1s
not suggested that such changes are imperativs under present requirements
of deslgn and service life. Metal-erc-welding and gas-welding methods for
alrcraft structures have certaln peculiar limitations, but satisfactory
performance of fuslon—welded alrcraft structures has been demonstrated
under many servlce conditions. The electrodes now availablz for aircraft
work deposlt tapered or concave fillets only under favorable conditions
of position and Joint deslgn, but the flat and convex welds normally
obtalined have worked to no dlstinct disadvantags, desplte the accepted
fact that such welds are stress—ralsers.
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CONCLUDING REMARKS

Many types of specimen have been tested in fatigue in an attempt
to differentiste the effects of variations in welding technique. Other
investigators Have studied small specimens, and aircraft companles have
tested full—size motor mounts. The general agreement of fatigue data from
these sources 1s good; however, little fundamental information has been
obtained on the effects of welding technique, except that the wajor factor
influencing the failure under repetitive loading of motor mounts is fillet—
wold geometry. Thils conclusion agsumes that the nmaterial is constant from
teat to test. Although it seems likely that other factors influence the
fatigue resistance of Joints in tubular gtructures, sultable tests or
gpecimens are not readlly available for use in determining quantltatively
the effect of these varlables.

Perhaps the most difficult problem in the selection of a test
gpecimen is the provision for specimen support and load application.
In design, the gripping of specimens must be carefully consldered to
avold failures at these points which would impalr the accuracy of data.
A second problem involves the hesitancy of alrframe manufacturers to accept
any specimen as being typical of alrcraft congtruction unless it is
actually a component of such a structure. The view has frequently beon
expressed that a component from the structure of one airframe would yield
data of value only in that specific instance and of no value as applied to
other and dlfferent conditions.

Tn order to avoild these problams concerning speclmens, it is believed
desirable to study models or full-size sections of typlcal alrframes. The
question of interchangeability concerning teat data may be answered by the
ase of a motor mount for these tests. It 1s possible that less varlation
exists ln motor—mount design from one installation to another than in most
gtructures. It may also be possible to derive lmmediate benefit from such
work gince the influence of fatlgue has been observed In motor—mount
gbructures 1in service.

The benefit to be derived from tests of these structures may depend
to a marked degres on the forethought given to the test program insofar
as cholice of specimen and loading is concernsd. It is suggested that the
actual comparison ordinarily desired 1s one i1n terms of service life
rather than fatigue data at certaln arbitrary stress or load levels. It
1s believed that similation of actual service loading during tests might
have the adventage of being readily interpretsd by interested groups, and
might meke 1t possible to obtain gsignificant information from a limited
number of tests. The limltation of tests may be sultable only In cases
in which it is ¥nown that the product control is such that uniform
structures are assembled.

Battelle Memorial Imnstitute
Columbus, Ohio, Juns 9, 1944



NACA TN No. 1262
REFERENCES

1. Voldrich, C. B., and Armstrong, E. T.: TEffect of Variables in
Welding Technique on the Strength of Direct—Current Metal—
Arc-HWelded Joints In Alrcraft Steel. I — Static Tension and
Bending Fatigue Tests of Joints in SAE 4130 Steel Sheset.
NACA TN No, 1261, 194T7.

2. Williamson, A. J.: TFatigue Studies of Weld Test Triangular
Structures with NE8630 Steel Tubing. The Welding Jour.,
vol. 23, no. 1, Jan. 194k, pp. 27-s — 32-s.

3. Buckwalter, T. V., and Horger, Oscar: Fatigue Strength of
Welded Alrcraft Jolnts. The Welding Jour., vol. 23, no. 1,
Jan. 1944, pp. 508 - 58-s.

23



*Co-5-bb—v TOT1BOTIToeds 0F BWIOJUOD
*(c—0QT—LC TOT3®oTJIoedg 03 BWICJIUOC

L 4

{0038 PTOTA FUITLN WOLLc
f{jccye TIOTd 3USTIM WOLL,

*0SE-I-#M—NV TOT3ROTFIoeds Lrwp-Amry 0F BWICJUODL

NACA TN No. 1262

TBQ
el B gT* | 9o°t| o2- |ogor [gror | ol | e€° POTTOI-30H @wwmﬂm s
T e syeLTeuR oy ¢ PO3TTemION ofTH Eammwmﬂ /1
) ge* c6* g9e* |joco" | teor A et UMBIP TUB DOZT neoys
&e 006°L6 ook‘tg | =&° 6" ¢ | Lo | Eeo Ly e —~TewIou {pPoTTOA-30F | QETH VS “UTQ/T
Buiqng
e el BRI ssfTeus of PO T TIION Nmm:gm“m
“UT-G60°0 £ —T
Buiqng
£e 00T gTT 006°4g | 6170 90"1{ ----<Geo 0] L10°0 | 9*0 | OE*O [POZTTRmION Mmmwammm
*uUT-690°0 £4 -1
. «mmv
uL g ug nﬁmnm (ved) ON D 18 S d W 0
oL
w13eBuoTe mﬂm%% quyod (poareoes %) TRIIOYO
FUe0I0d e8uTa TN PIOTL (TTrw) uop3isodmod TeOTWey) 131PI0)

24

SNEWIOEAS ISHLT ENOLIVE ¥0d QIS ¥ve NV

CIIVId CIEEES “DNTENT 40 MOLIISOdWOD TVODWHE) NV SELLMEIOSd —°T HIGVL




29

NACA TN No. 1262

VOVN

" o006 3¢ Tm Of umMeIp f§ 009T 3® UTW Of I63J% TJO U} peyouenb .8w

*d o000T 3B UIW Of PeAeT[eI-886d9E ‘¥g

*3180dep Teejs—Lorre fedfy .tdho.nﬂdlhoﬁ.g.m

: *q180dep Teegs—uoqreo—ureTd mm,nom@ 888D w3<m
"BYIeWOIOUT OA} U 6pem 36TTFJ TYTIUOIOIMOITO oTJULe ¥ JoJ ST TMoys ewr)
Juppres oy €T *S1J uT umoys Bl FujpTes oUy U] STX ] UO Pe3eIOL PR

Te3U0ZTI0Y Uy} WoLF 0€ PO3TTF eqny oy3 WITA ‘ATTenusm pepres suempoeds Hd«m
‘ST 03 #°#PTJ pue | 6Tqu3 Ul UWeA[S ege BRWp DPOT[B30D pUB ge ‘31
Ul POZIJIVUNNS 6% BIWP 3663 Oyl °'gZ "PJ1J U] UMOYS eUyowm eu3 uj Jujpueq
£Teq0J Ul peyseq edem suowyoeds o3} JO UeA6E 03 XIS ‘POpIeM 5BvM suswioeds

e3eTd-eqny uP1e Jo wrmrYww ¥ ‘SUOT3TPUOD BUTPTOM 6UTU ey} JO Towe .Ho_fu

XoAUOO LTIUFTTS 03 JeTd| IHK/S ® of 9c+He | oy 00€ 79/G | ===-- Op~=--= oot
Xoawoo LTejedopow o3 LTIYBITE| 2£/¢ @ et 9e—e |  Gnron oL 19/C  [===-= Op-manm g6g
XoAuod LTIUSTTE 0% 3vTI| E/C ooy ot 9c—He | Groy 00E 9/G |wwe- L 66€
Xeiwoo frejwrepowm o3 LT3uSIIE| 2£/C euoy 2t 9z—e |  Snon oL +9/¢ T PresMeuwsTd | LE6E
Xoawo ATIUFITE 03 98Td| /S a® of -2z | oe<y 00§ #9/S | 3--mcopeena- | 06€
XoAuoo ATIYBITS o3 Fwld| 2E/¢ gm Lz e—ge | GGG oL 19[S |emmes Op===u= 96€

IeTa| e€/¢ 288 L2 fe<2 | Sron oL UYL PR— Op=nn=m- gon

TeAUOD ATRUFITS 03 erd| 2£/¢ euoy ot weee | 0664 00€ 79/S  |===-- Op-==m= 6g¢
XeAwoD ATIUSTTO 03 3BTL| 2E/C euoy Le he-ee CG0G oL %9/¢ c02SC TOBTH | C6E

‘up) | Supprea 2 83704 .
INOJWON Aouﬂw IeqJ% ( Mowv oxy sezedmy PHSPMWM,VHEWP .HM#MM-NB PUTY q8e],
TEUTWON |juewiveas| ewpy [(esjgeleu epoagoeTe)| ejurd—eqny SPOT3OoTH
PTOA 38TTTJ JO I0308IWY 38eH |BuiplTeM| juexnd q0eIiq TeT3TUL

_...ﬂ pue £ °BPTJ 608 fjeeys OLTH EVS "Uj-g/T Pwe Surqny ofTH HEVS *U690°0 £q —T Y3IIA epwm suewjoeds H?.“_

1€ SEIEAS ‘SNEWIOEAS EIVIJ—HHnL

CECTIM-OUV—TVLIN 904 VIVQ ONIQTIM — 2 HIEVL




NACA TN No. 1262

26

e

suowrpoeds TTe Jo eangwredme

eT8UTE ® I0J 9T umMoys ewl] JujpTer eyJ

Pequl0I PO TUQUOZTIOY OU3 WOXI ,0f PeITT3 ©qny eq3 Yjia ‘LyTenusu peprea suemioeds TTVe

*CTHETH 898963 ‘80poajoeTe 3JRIdX[e—LOTLY *TTH-90H B3803 ‘86poIjoeTe Teeqs—UuoqIed-UTeid,
*g eTqey pue TE °I1J

U] USATP egw wqWp 3804 oyf

*FUTPTOM JI63J8 QUOW]B6d] 386Y OU FBA 6JI6Y]
1 TeT3TUT oqy

*d o0L 9noqe BBA
*UemWeJOU] 6Uo UL epew FOT[TJ TOTIUSIeJunoILO
*€T °81J ul weoys J[ BuUTpTem eyq Ul BIX® 83T UO

*gc *BTJ Ul UMOUP eUTYOWW ey} U Burpueq AIBjox U pe3seq
. uey3 PUB ‘peprem edes suewoeds ejwTd-eqny JnoJ J0 oeay3 ‘SepoajoeTe Ueq oY} JO UOBS IO

T
xeauoo LT398T1TS| 2E/L LE | €e-Te|S0T—00T| sAa1983ey Q/T T PToMeUsTd|CTH
xeauoo AT3uSTIS| 2E/L GE | e—ee|SoT00T|erT8BeN g/T |-oxrv LoTTv *dweud|#TH

xeauwo)d| 9T/€ LE 02—QT|0TT—<COT| 8AT3180d 8/ T T OT BO2IY|ETH

xoauoo AT3u8TTs| 2E/L ot 23-03| COT—00T| or1388eN 8/T 06 O%ITY|CTH

xoawoo LTAWFTTS| 2E/L Ge £2~T2| SOT-00T| eAT98TeY 8/1 MS eSNOYSUTIseM| TTH

xeAauod LT3USTIS| <E/L ce 22—02| GOT—00T| 813836y 8/T owpentg “dwey)|0TH

xosuoo LTWSTITS 03 FeLd| /L &9 f1i2—22| 0TT—C0T] eATy8dey 8/ CT-MS WITWS OV{60%

XeAuoo LTIYBTITE 03 39Td| /L LE 0—QT|0ST-CTT| 6413686y Q/T LOT wosTIM|goY

Yeauoo LTUSTTP 03 38T} <2E/L LE | 2—c2| S0T—00T| eATaeBeN 8/ L pTeM3eeTI|LON
xoauco AT3USTIS| 2€/L 43 9c—2| 00T—G6 |eaT13T80d 8/t M "30OTH "ueh|g0%
INOqUOY | ez18 | (oe8) mwwb geaediny | £9TI8TOg ho%u”ﬁwn PUTY n8e],

TeUTmoy| ®W}3
PISA 30TTIF JO J030vIwy)  |BUTpPTem jmeamo 3oe1d ePoI3oeTH

™ SATHES ‘SNAWIOEAS ATVId—FEnl CECTAM-OYV-TVIEW ¥04 VIVA ONICTIM —'& HIEVL

m.m -813 cos foyerd OfTH EVS "Ul—/T PUs Buqny ofTH AVS "UI-G60°0 £q —T U3TA opew suewioeds d?..._



27

NACA TN No. 1262

‘6 8TQBY UT PU® of puw 9T °EFTJ Ul ULATE wiwp 3san snBTIvggy

.mow PUW G6L 89803 WOy yowe uemjoeds euo (g ¢Tqwy eogj ¢

"96E puw ‘06f ‘69f §3893 WouJ WOwe uemioads euo {z 9TqQw3 oomma
TI9TTIS AN Te0TIaa4,

v oonpoad 03 @PTS Ul WOJJ ouUOD BUTPTA PuUw ‘UOT3TE0d TWIWOZTIOY UT eqny UITA [ BUTPTOA UT pa3wiod sBn Usw(oads ‘38TTTJ ¥OAUOD A1TnJ © uiwsqo 0dg
"3eTTId umop TBIT3JI3A

® oonpoad 03 OPTH oYy WOJJ duop JuTpTea puw ‘worzfeod TWIUOZT.IOY UT @qny WITA STf BUTPTeA Ul peiwiod Ewa uemioeds ‘JeITTJ SAWOUOD h.m.m.a ® UT¥Iqo o.mma

SET

‘ST puw .NMN .m.nm .._Hm C.om .w0m $31897 WOLJ Yowe usmIoeds ouo £ oTqE: e
"Q6f 18931 woag oAz {00y puw * ‘LBE ‘96t "G6E ‘06t S3Ee] WOJJ Yowe uemwtoeds U0 (Z OTQWE 961

"(c vus T °*531J) sprea 30TTTS 939TNMIE 03 $39TTTJ PAUTUOTW YITA ‘8BUTBI0 T9336 OyTh VS PITOS WOLJ 4 930U300] UT ULATS SFUOTSUSMTD 03 pPeUTYOWE nﬁwﬂauoamﬁﬂ
‘(8T "3t ‘59894 6seJgeoud J0J susuyoads o0q IWTIWEs) 938Td Jo EIPTS 430Q O3 DOpPTeM E9Qny UITA ‘T @30U3003 8 e oy
‘2qn3 JO SpUS y10q W PIPTIA 6338Td qITA ‘4 230u300] €% Smesg

PopTeA-8e8 J0J Hodoq BUTPTeA U0 Dosn (evury) dI13 § "oON

*PoTO0O-BOBUING ‘d L0G9T 3% UTW Of pelweumws ‘y
*Opod30RTe [9a3E-0TITUSRIEN® TN 02 ~ 40 G2 ¥ BT 4 PIOAUT™IS

(9T "B13 ‘TTwIep oes) 108us 10638 OEl4y IVS "UT—g/I PUS Jeq PUNOI PFIOS OLTH HAVS

"a-Tg

©903 3% 3ABOUOD PAUTYOTW 33TTTJ POVISA UITA ' 930U300] &% ameg)
"9ABoUOD £TNJ paujyoRw 39TTIJ PODPTOA UITA ‘4 930UI00] 6% smegy
"(E *81J) wrd 19938 OLTH VS Ul—4 /T Puw BUTqny &EoTmEwes OLTH4 dVe 'UI—$60°0 4q —Tg

TRUAWTOOdS PIZWIQ PUW

“(41 puw £ "8B7J) 3je9ys (9938 OtTy AVS “UT—g/T puw Burqny sseTmwes OLTy VS "WT—G90°0 £Q —T

"39T1TJ JO @03 3% eqn3 UT ‘YoJaoj oUeT41e0wiX0 YjTa peueqjoe omw(J al

*PeT00-aT® ‘d 000LT 3% UTH 0f pezTiwmaou ‘xy
"poJd BUIPTOA PZUOIQ ® ST WGZ PIRAXQ

"PITOC-JIT8 ‘g H0GGT 3% UTW Of D2 [Te.rou “Ng
*pol BuTpreA Te935-U0QIEO--AOT ¥ RT ) DPIOAXQ
89P0} 09Te 1993 -uoqrRo—uTRTd ‘L3TIWTod—eATIWBeU aa® STMS U3 TWS PUW 026 oS TiA,

‘6 81qE3 pUB Qf puw 9T &31J ook

‘e1%p 3899 ondriwy Jog
"uoTRue] pejeedod TWIX® U PO3FOl ‘@olY PUS ‘UOTSSQdWOO PUW UOTSUS, TETXw® pojweded Ul pogsey ‘WoLy 3dooxo ‘Burpleq Luwjod Ul pelse; suaumioeds IV

XN (2 "81J) eawouoo ATIng - G o - Rt Bl EE e PTaa o 200gh| ~-~-1¢"°a
xy (2 "313) Xeauod LTIng - Q20 —— e | e [ PTea of To0BY ﬁhﬁno pautgowy
euoy @AwOUOO ATTNJ 09 ATOGBIGPON T 91/5 [ T [ R WGEZ PTOAX0 *UT—g/T qogy| ~-—-- 4 od
ouoy 2A%OU0d ATTNA T ST/t — [ [P WSS PTOAXO “UT-Q/T JIOGH §PoTE
N 9L aandyy) eeg E |9t/L £ 2€/L I B B ————— L pTeAx0 *uy-91/T nom: vvvvv 4 0d
[l eawouco A1e38I0poK T /1 — | - - | mmmm- L pTeAX0 *uT-9T/T dely| ----—eq
S 9A%0UCD LT3 RIGPOK T 9T/t it Bl Sinanatdll Biebebabaists L PTeAX0 “UT-9T /T qR&ly n epToA ©ED
BsuoN %eAUCD ATIUTTTS 03 AWIL T 2 /5 0g 9e—42 | 950G | eaTawdeN | 02§ WOSTIM "UT-49/5 Ly | -~--gr'0a
ouoN xoAuoo ATIUBTLE 03 19T T 2E /S og 9242 | G505 | eaTiwBeN | O2G VOSTIM "UT—49/5 Yoly §PoPIaA oay
N Ivid T 2E/L 005 £2-02 | 06-6g | eariedey | 025 WOSTIM "uT—2f/K Hely gPePTaA 8aY
(LT) 907 1% 9ABOUCD DOUTUOBKH 1 2£ /5 (lt) {(L1) (L1) 025 UCSTIM “UT-49/G x| - hoa
(91) "UT-2E /G WOLJ @ABOUOD PAUTUOWH T ek [91) (91) (91) 025 UOSTIM *UT—49/S b4 gPoPTaA DIy
N 9T eanBtJ eeg | %/t 44 9T/€ 00E te—o0e mommmw ?EM&_ 0eS UoSTIM .5|wM\m @lyj ———-- 5 o0
| Lle—Ge eaTywdon “ut— R
o 9T omB1r oog € | 8/t Sagrfe o woce | S9-09 | oATA®BON | 02§ WOSTIA - lwm“m ) L0G| ~----,"ca
| ce-og | 06-§ eaTywdeN ‘a-g/T [\ .
a ¥oauoo AT3UFTTE 03 394 e | N o G-z &8 | eatawdon | ozs wosTiA “UT-497/G v gely v °d
euoN xoauoo ATIYSTIe 03 3914 T ee /L mmd m 1) (€1 (€T) 0 so1deg | ————-, ¢ od
N X9AUOD 03 38T T 2t /L 0g 2-02 0g | eAT3edey 025 WoBTTA "ul-g/T oely | ~--—- v, °d
euoN 1974 T 9T/t 0g le—G2 | 0l-G9 | eaTaTsOd | Q PTOAUT®IS "UT-g/T VESG [ ~—-—- y. od
@uoy grXoAuod ATTng T 91/t o8 Te6T | 09-9G | eaTawdaN | STAZ YITwg ‘ui—gt /£ GeG | mmme-m 4 °d
swoy wao»docoo £ring T 9T/t 08 -2 | 0,69 | eaTIwSen | STms waTWs "ut—2€ /L 425 | ~~--- 4. o0
N ABOUOD 09 UL 1 9T /£ 00E 02 mwmmm eapiwdeN | 02§ UORTIM ‘UT-ef o2l | -—-—-g"0Qq
&4 IVTL T 9T/k 0g w2-ge | S 9ATjwBeN | 025 UOSTTM "UT-2L/L vogx | --——-1*oq
v IV T oT/k 0g T | S9-09 | eap3sBox | 025 wosTIA "wl-2E/E €8y | ~-——- d-oq
(e1) XQAUOO ATejwuepom 03 3w(J T ee /s (et (e1) (21) (e1) € ®eTdeg | - -—-- 4y °d
N 3I¥]J 01 eA®OUO) T g/t 0SE Ge-22 | 0975G | eatiwBeN | 02§ WSTIM "U—%9/S vely papiea oay
4
(€ [XEY ("ut)
3809 oswﬁau amoguo) Jo o318 - ey | seasdwy| £37avr0d pox w.m_w.no: a0y (1)
ano-h%wwnucﬁ 3I91Tvd 3° po»o!hwm-.:: LTl TeraTul IUSLIMD 3081TQ 10 apasiasly uemoeds jo o4l

Q SATHAS ‘SNANIOALS ELVISHANL CENIHOVW ONV “Qazvid “QICIds HOJ VIVA —'¢ TTHVL




NACA TN No. 1262

*TeTo00-e0wuINg ‘Utm Of I0J I ooom._ulopn.m 03 Pe3weey ‘JOUE UOIT—38BO UL vwxodmm
‘(0T ‘81 ee8) susmposds mpsplop...mna_m
*FurpTes Jo9J% peused-jous feuewpoeds g solies 8B ewWwg i
(8T *B1J ees) seqny OM3 TIA ndeoxe ‘suswroeds g BeTJeS8 03 Hmﬂﬁﬂmw

_ . ~deep
‘ur O£0°0 equ3 U [ojou Teljuesejumoxio gara 3deoxe ‘yEgg 3864 ‘Q SetJes Bw ewsg
‘(LT *TT3 es8) dosep ¢
*uT 0G0 eqny U [yojou Tejjueejumolto YA jdeoxe ‘qogh 38€3 ‘Qq EelJes 8% eumg
(LT "Bz oes) deop K
.ﬁﬂwmouoopgdﬂnopoﬂ.ﬁdﬂnmhoﬁnsohﬂonﬂb p&mokmnnow:pmou.dmoﬁommm Qﬁamm

28

*pesn g9ueygexd ou (JUTPIEA 6JI0F8q UOTFTPUOD POZITHWIOU UT Homwm am
*€T 03 0T seTqey P QE Pus ‘LE 9z *sFTJ UT UeAlP BIBP 3863 SMSTIVLL
89801 2urpueq
owoll | - 6 pus Tg 887 oeg | CTMS WaTws “uf-gE/€ oxy| 69¢ | B—pesaenea zoz| =
, Nlms.mmp Butueed,
euoy 46TTII 9913 "ul—2E/L | 08¢ UOSTIM "UT—h9/& oxy| OLL —qou8 Jog| D
gPeTeOUIE TN | ==-=-==-=="==== Oprme- mmmm == - | meemmme= op-=--~- ---- oxy| L9
SUON | =====e~cmwm———- Qp-m=mm—m=mmm—me | mome-e-- Op--=-=-===-= oay| o9ng wmpmop
suoy QeTTTJ 3814 *U—eE/L | 086 TOBTIM "UI—9/S oay| ¢Gng | esexysead aof| I
suoy 36TTTJ 3903 *UWI-9T/€ | @ Preausss "Ul-g/T oxy| ates eI
POZTTOWION | o mmmmmmmm = e Op===mmmmmmmmmm= | momem—e- op=-==--=--- eueTf3e08vLxX0| 906 :@,onopoz
pezjTemION | LT *B1J ee8 f38TT1J JeLeT—eeIy] L PTemxp 'ui—91/T | eueTA4e08LXQ | HOgY gPemoloN | &
(2) PIOA
FuTpTes 16978 16TTTI pOX PTeA
quemyweTy pwmm JO a67q0RIWY) J0 ePoIFoeTH o%MH 88 | odAL _moﬂ.now

T

B ONY *o ‘X ‘E SHINES J0

SNAWTOEAS ¥VIONENT HOd VIVQ DNIQTIM ~°G HIHVL




NACA TN No. 1262

TABLE 6.— ROTARY-BENDINC TEST DATA FOR MACHINED

CONCAVE~FILLET TUBE-PLATE SPECIMENS

(BASIC), SERIES A

Load Stress
Test Location of
(1) (pmt) Cycles ‘
(1) (2) (3) fallure
M1| 49| 7.0x 103|%4,800.0 x 103| No fatlure
~2 70 110,0 6,500.0 No faillure
3| 87125 1,800.0 i
4 | 105 |15.0 320.0 T
-5 | 147 |21.0 96.0 T
-6 192 1 27.5 10,0 T
=T 25 |35.0 .5 T
Ime strese data are plotted in fig. 2k.
2
See fig. 15.

ominal tension—compression stress in tube at

toe of concave fillet.
h'I', fallure in tube at toe of concave fillet;

fracture sometimes extended into fillet,

29
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TABLE 10.— ROTARY-BENDING TEST DATA FOR NOTCHED

TUBE-PIATE SPECIMENS, SERIES EL

[L— by 0.065-in. tube; 1/8-in. plate]

51221;£n Teat %i:% S?r::? Cycles Ioczzion
(2) €3) fallure

Tapered gas—welded 4808 | 150|47.4 x 103 1.2 x 103] Notch
f£11let; 0.038-in. 1501 47.4 1.1 Notch
notch (fig. 17) 150{47.4 1.0 Notch
Tapered ges-welded|506 20| 4.8 2534.8 Notch
fillet; 0.030-in. - 30| 7.2 278,2 Notch
notch (fig. 17) 55113.2 158.8 Notch
87]21.0 30.1 Notch

A 1k0(33.6 6.5 Notch
Metal arc-welded |[523B| 30| (4) 3791.9 TubeLL
fi1llet; 0.030-1in, 55113.0 106.7 Notch
notch 87121.0 39.1 Notch

1The data glven 1n this taeble were used in the preparation of
the comparison graph for serles E specimens, fig. 26.

2See fig. 15.

ormal tenslon—compression atress at root of notch.
h7,200 psl in tube at root of 0.030—in. notch; 4,200 psi in
tube at tos of metal arc weld, where fallure took placs.

*‘!ﬂ“ﬂ!”’
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TABLE 11.— ROTARY-BENDING-TEST DATA FOR METAI~
ARC-WELDED SPECIMENS PRESTRESSED

BEFORE FATTGUE TEST SERIES F*

Locatlon
Type of Test %2%% S?rggg Cycles of
specimen (2) f3) failure
(%)
Similar to 645-3 | 35| 5.0 x 10°| 3,562.2x 103| T
type B; tested -5 70 1 10,0 321.4 T
as welded -2 | 105 ]15.0 122.6 T
-6 | 140 | 20,0 45,2 T
-1 | 172 | 2k.5 38.2 T
-4 | 210 {30.0 9.9 T
Similar to type| 6466 35| 5.0 965.9 T
B; prestressed -5 70 110.0 296.1 T
before fatigue -4 | 105 {15,0 131.4 T
tost? —3 | 1%0 |20.0 50.9 T
-2 1 175 |25.0 18.0 T
-1 | 210 |30.0 9.8 T
Similar to type | 6474 35 | 5.0 7664 T
B; armealed -6 70 |10.0 169.7 T
and prestressed -5 | 105 |15.0 8.3 T
before fatigue -3 | 140 }20.0 5.7 T
test6 2 | 175 |25.0 3.7 T
-1 | 210 |30.0 2.7 T

lmhe data given in this table were used in the preparation of the
comparison graph for serles F speclmens, fig. 37.
2see fig. 15.
3Nominal tension—compression stress in tube at toe of fillet weld.
, fallure in tube at toe of fillet weld.
Dlosded in axisl static tension beyond yleld point of tubing
(85,000-90,000 psi).
ace ammealed at 1600° F, then loaded beyond yleld point of

tubing (about 45,000-50,000 psi).
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TABLE 12,— ROTARY-BENDING TEST DATA FOR METAI-
ARC-WELDED TUBE-PLATE SPECIMENS, SHOT-

PEENED BEFORE FATIGUE TEST, SERIES Gl

Location
Type of - Load Streass of
specimen est | (1b) (€Si) Cycles fallure
(2) 3) (k)
Similar to T70-19 35| 5.0 x 103| 1,906.2 x 103 T
type B; tested —£20 70 { 10.0 128.2 T
as welded -£1 | 1051( 15.0 53.9 T
—£2 | 140 20.0 25.7 T
23 | 210 30.0 6.6 T
-2k | 280 | 0.0 1.8 T

Similar to 7707 35| 5.0 1,792.3 T -
type B; -9 35| 5.0 1,1k2.0 T
shot -peened -10 53| 7.5 10,000.0 NF
before -18 53| 7.5 10,000.0 KF
fatigue test -6 53| 7.5 345.9 T
- 70 |1 10.0 k,271.2 T
-17 ‘70 | 10.0 153.1 T
—4 105 |15.0 234.0 T
-11 | 105 |15.0 133.3 T
-3 140 | 20.0 58.9 T
—12 | 140 {20.0 06.2 T
=13 | 175 |25.0 19.2 T
) 210 {30.0 9.9 T
-1% | 210 | 30.0 T T
-8 245 | 35.0 3.5 T
=15 | 245 | 35.0 3.2 T
-16 | 280 |%0.0 2.3 T
-1 280 [40.0 2,2 T
<;:EE§§:;7

lmhe data glven in this table were used in the preparation of the
comparlgon graph for series G specimens, fig. 38.

2See fig. 15. '

INominal tenslon—compression stress in tube at toe of fillet weld.

, fallure 1in tube at toe of fillet weld.
TF, no fallure.
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TABLE 13.~ REVERSED-BENDING TEST DATA FOR METAIL—

NACA TN No. 1262

ARC-WELDED TUBULAR "PI" SPECIMENS,

SERTES H
Lgig Streas Location of
Teat (1b) (pet) . Cycles fallure
(1) ?2) (3)
569-4| 31 | 7.0 x 103 (L) T,
—3| k4 [10.0 (L) T,
| 44 |10.0° 369.0 x 103 T,
-5| 48 10.8 138.0 T,
—1| 48 }10.8 171.0 Tb
1ses fig. 23. l

2Nominal tension—compression stress in

long tubes at toe of fillet weld.

8

fillet weld ((1), fig. 39).

2

Ty,

fillet weld ((2), fig. 39),

hFa.tigue machline 4l

failure in short tube at toe of

failure In long tube at toe of

d not stop suto-

matically when speclmen falled; no
cycle reading avallable.
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Figure 1.- Basic rotary-bending test specimen, series A, machined
from solid bar to simulate welded tube-plate specimens.
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Figure 2.~ Machined tube-plate specimens (no weld) for rotary-
bending test. Concave-fillet specimen at right used as standard
in comparison tests with welded specimens. -
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Figure 3.- Metal-arc-welded tube-plate specimen for rotary-

bending test.
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Figure 4.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 385. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initial temperature, 70° F; tubing, 1- by 0.085-inch
SAE 4130; plate, 1/8-inch SAE 4130; tested as welded. (Datum
line mn from fig. 26.)
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Figure 5.- Rotary-bending tests of arc-welded tube-plate specimens,
serles B, group 389. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initial temperature, 300° F; tubing, 1- by 0.085-inch
SAE 4130; plate, 1/8-inch SAE 4130; tested as welded. (Datum
line mn from fig. 26.)
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Figure 6.- Rotary-bending tests of arc-welded tube-plate specimens,
serles B, group 405. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initial temperature, 70° F; tubing, 1- by 0.065-inch
SAE 4130; plate, 1/8-inch SAE 4130; tested stress relieved.
(Datum line mn from fig. 26.)
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Figure 7.~ Rotary-bending tests of arc-welded tube-plate specimens,
serles B, group 388. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initial temperature, 70° F; tubing, 1~ by 0.065-inch
SAE 4130; plate, 1/8-inch SAE 4130; tested quenched and drawn.
(Datum line mn from fig. 28.)
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Figure 8.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 390. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, carbon
steel; initial temperature, 300° F; tubing, 1- by 0.085-inch SAE
4130; plate, 1/8-inch SAE 4130; tested quenched and drawn.
(Datum line mn from fig. 26.)
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Figure 9.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 397. Comparison of strength relative to an
arbitrary standard machided from solid bar. Electrodes, alloy
steel; injtial temperature, 70° F; tubing 1~ by 0.085-inch
SAF 4130; plate, 1/8-inch SAE 4130; tested as welded. (Datum
line mn from fig. 26.)
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Figure 10.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 399. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, alloy
steel; initial temperature, 300° F; tubing, 1- by 0.085-inch
SAE 4130; plate, 1/8-inch SAE 4130; tested as welded. (Datum
line mn from fig. 26.)
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Figure 11.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 398. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, alloy
steel; initial temperature, 70° F; tubing, 1- by 0.085-inch

. SAE 4130; plate, 1/8-inch SAFE 4130; tested quenched and drawn.
(Datum line mn from fig. 26.)
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CYCLES OF COMPLETELY REVERSED STRESS
Figure 12.- Rotary-bending tests of arc-welded tube-plate specimens,
series B, group 400. Comparison of strength relative to an
arbitrary standard machined from solid bar. Electrodes, alloy
steel; initial temperature, 300° F; tubing, 1- by 0.085-inch SAE
4130; plate, 1/8-inch SAE 4130; tested quenched and drawn,
- (Datum line mn from fig. 26.)
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ELECTRODE

ALINING SPINOLE

I-INCHQD., 4130 TUBE
PAD ¢

X 4X4 -INCH, 4130 PLATE

Figure 13.- Welding jig for tube-plate specimen.
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N0, AVER,

':KL&: z{‘EDEWWW:"O';:LLU Ttnntv‘;tn'r :'[%: xlﬁ:: °£tf:§5° TEST x 483 412A 79 Y
METAL- ARG ,Lgrun. MACHIMED CONCAVE | (16} TASLE 4 | -3 w zeoo X E L! L } l :k LI
weta-arc | & friar annenec | 3 T 7,000 J 483 Lt ot
[WETAC-ARC | § | concave To FuLaT WORMALIZED | 2 T Te00 Jil 4724 t aric| SERESH AT2E 428 4804
METAL-ARC | & |rLAT TO sL convEx NONE z T.T™ 13,300 .‘79!

meTAL-ARC | b |macwnED concave ar roe [umiTame o 2 T 14,000 | ﬁ :L E & }'___j
METAL-ARC | % |FLAT TO CONVEX NORMALIZED| 2 T neo [l 4720 i§

METAL-ARC | & | FLAT TO SL CONVEX iz masce e | T 20400 | semes s & ar26 4T2F 525 | NOTCHED 5234

oas & | wooerareLy concave NORMALIZED| 2 T 21,400 - 472€ i L b h / m

weTAL-Anc | 4 AT rOsL comvex, #Laven [nomuaizen | 2 v 2500 JifiJ 472 8 i |} “ b

wETL-ARC | & [Far FLAME-SOFT.| 3 T !z,soo_ 480 A sl SERIESC =24 prey «BOEF 720
METACARC | 4 | FLaT Yo comcave noRmALIZED | 2 T eco Il 4726 Ty

aas § [mooenarey concave  Jwomaacizen| 2 1 | 2200 R 4T2F ig '% ‘-RLJ
ueraL-anc | § [ruiiy convex NONE BREEEl B i —_— g l ﬁLﬂ
CINCUMFERENTIAL v NOTCH IN TuBg 0o3'oeep Iwommaizen | 2 | woren | 3as00 [N 008 Noﬂiu a72H 507 480C2] 4800 480€
meac-anc | 3 {riar t2s-20 weLoy NONE 3 L £°'=5“ Ay "- ‘ ] [! I
wETAL-ARC | & [rLar 1o 8L comvEx NONE s T 49,300 SERIES c ¢ [\
[werac-anc | § [rucer comeave NONE s T succo NN 524, ‘ : [:l 2
[wscneo Jozs Jruncvcomex oweor lvomzeo] 1 | 7| siovo NSNS 4s0 C! __TYPICAL SECTIONS THROUGH CIRGUMFERENTIAL FILLETS
RAZE & [Fuir concave moRE 3 jeveve {0300

anceaas  [3xF[Kances-Lavem sasweLo [nommaLizen] 2 w 120,000 e

WETAL-ARC | g | FLAT (SOLD B4R) NoRMALIZED | 2 [ 202,000
weTaL-anc [ Rx ] | Tarenen, sLat, 3-Laven  [nomwavize | 3 BT T | 280,000

VAGINED |03 [fuiLy covowEvOweELD) |NORMALIZED| 1 | Tw | 33400 4s0c2

[T Lx3| raremen, FLay, s-LaveR  [wormavizeo | 3 T | soam0 4800
BAAZE & |moo ToruLLY concave  [wome [ T mw— 480E
CA3IC FORSED AND MCNINED SPECIMEN  |momswizen] 1+ | T PPN i AR TRAR

ALL SPECIMENS MADE WITH 1- BY 0.065—IN. SAE #130  LOCATION OF FAILURE INDICATED BY ARROW IN SKETCHES
STEEL TUBING AND 1/8~IN. SAE 4130 STEEL PLATE, ABOVE:
EXCEPT AS FOLLOWS:

T FAILURE iN TUBE AT TOE OF FILLET
BASIC SPECIMEN — FORGED AND MACHINED FROM W FATLURE IN THROAT OF WELD )
SAE %140 STEEL TO 1/8—IN. FLANGE P FAILURE IN PLATE AT TOE OF FILLET
AND 1~ BY 0.065-IN, TUBE SECTION, B FAILURE IN BOND TO PLATE

WITH 1/%-IN. SMOOTH CONCAVE ALL SPECIMENS TESTED IN ROTARY BENDING EXCEPT #79A

. ToBe_PLATE SPECINENS, ustng "WICH WERE TESTED IN AXIAL TENSIOR-COMPRESSION.
SR IES € = AR T e 5130 STCEL TuBING THE LOAD USED IN THE ROTARY~BENDING TEST (SEE

. AND 1/8~IN. SAE 4130 STEEL PLATE FI1G. 15) WAS AS FO'I}LOV:)S236 . ToEE. 47 L
ALL SPECIMENS WITH 5-1N. ,
480C2 - SAME DIMENSIONS AND MATERIAL AS BASIC
— SPECIMBNS WITH 0,095-1k. TUBE (SERIES c), 196 LB
SPECIMEN, EXCEPT MACHINED AND HEAT-TREATED smuﬁs e A BeE ,5

IN ANOTHER GROUP SOLID-BAR SPECIMENS (M72H). 147 LB

480C1 -~ SAME S 480C2, EXCEPT WITH 1/U-IN. CONVEX yye 50 ysEp IN THE AXIAL TENSION-COMPRESSION
FIL TEST OF SPECIMENS 479A (1~ BY 0,065-IN. TUBE)
472 - SOLID 1-IN. ROUND SAE 4130 STEEL BAR, WAS 4100-LB TENSION AND ¥T00-LB COMPRESSION
ARC-WELDED TO 1/8~IN. SAE #130 STEEL
PLATE

Figure 16.- Repeated-load tests of series D tube-plate specimens.
(Data from tables 4 and 9)
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Figure 17.- Notched tube-plate specimen for rotary-bending test.
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I 1" X0.065" SAE 4130
SEAMLESS TUBING SPECIMEN FOR
ROTARY-BENDING
v L | TEST
- x4nx4u
gAE 4130 ;.Eﬁ?&DET PLATE, MACHINED
PLATE TO 3% DIAMETER
t Y o\ c..\\ml__mm%\.',
T < . - - “
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Figure 18.- Tube-plate specimen for rotary-bending test after
prestressing in axial tension.
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Figure 19,-

(b) Shot-peened.

Metal-arc-welded tube-plate specimens for shot-

peening test,

o7
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Figure 20.- Metal-arc-welded tubular pi specimen, series H, for
reversed-bending fatigue test.






NACA TN No. 1262

o mmxﬂ 4

o b o

Figure 21.- Arc-welded tube specimen for bending fatigue test.
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Figure 22.- Rotary-bending testing machine,
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Figure 23.~- Schematic diagram of method of loading tubular pi
specimens, series H, to produce reversed bending stress
(maximum at weld joints). (For specimen dimensions see fig, 20.)
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Figure 24.- Rotary-bending tests of tube~plate specimens forged and
machined from solid bar, series A, for use as an arbitrary standard
for comparison of the fatigue strength of welded and notched tube~
plate specimens In series B, C, D, E, F, and G. (See fig. 25 for
explanation of use of the standard.) Standard specimens made
from solid SAE 4140 steel forgings; machined to dimensions shown
in figure 1 with a 1/4~inch smooth concave fillet; tested after
normalizing.
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Figure 27.- Typical rotary-bending fatigue failure in arc-welded
tube-plate specimen. Specimen shown was notched, but failed at
toe of the weld with characteristic fracture.
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Figure 28.- Summary graph of rotary-bending tests of arc-welded
tube-plate specimens, series B, Comparison of strength relative
to an arbitrary standard machined from solid bar. Electrodes,
carbon and alloy steel; initial temperature, 70° and 300° F;
tubing, 1- by 0.065-inch SAE 4130; plate, 1/8-inch SAE 4130; weld,
5/32 inch with 45° fillet; miscellaneous heat treatments. (Data
from table 7 and figs. 4 to 12.)
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Preheat 70° F Preheat 300° F

Figure 29.- Radiographs of series B tube-plate fillet welds made with
5/64 -inch Wilson 520 electrodes (plain-carbon steel),
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Preheat 70° F Preheat 300° F

Figure 30.- Radiographs of series B tube-plate fillet welds made with
5/64-inch Lincoln Planeweld 1 electrodes (alloy-steel deposit).
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CYCLES OF COMPLETELY REVERSED STRESS
Figure 31.- Summary graph of rotary-bending tests of arc-welded

tube-plate specimens, series C. Comparison of strength relative

to an arbitrary standard machined from solid bar. Electrodes,
carbon and alloy steel; initial temperature, 70° F; tubing, 1- by
0.095-inch SAE 4130; plate, 1/4-inch SAE 4130; weld, 7/32 inch
with 45° normal fillet; tested as welded. (Data from table 8.)
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RATIO OF FATIGUE STRENGTH OF WELDED TO MACHINED

Figure 32.- Rotary-bending tests of arc-welded tube-plate specimens.

Comparison of strength relative to an arbitrary standard machined
from solid bar. Relative extent of fatigue-strength zones of series
B and series C specimens. (Date from figs. 28 and 31.)

MACHINED SPECIMENS

SPECIMENS
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Figure 33.- Fracture in axial-tension-compression plate-tube-plate
specimen. Greater part of fracture in tube at toe of fillet weld.

NACA

77
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Figure 34.- Fracture in axial-tension-compression plate-tube-plate
specimen. Fracture half in tube at toe of fillet, and half through
throat of fillet.
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Figure 35.-

Failure in axial-repeated-tension plate-tube-

plate specimen.
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RATIO OF FATIGUE STRENGTH OF WELDED TO MACHINED
SPECIMENS

Figure 38.- Rotary-bending tests of shot-peened tube-plate specimens,
series G. Comparison of strength relative to an arbitrary standard
machined from solid bar. Electrodes, carbon steel; initial tempera-
ture, 70° F; tubing, 1- by 0.065-inch SAE 4130; plate, 1/8~inch

SAE 4130; no heat treatment after welding.
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Figure 39.-

Typical fatigue failures in metal-arc-welded pi specimens.
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